To investigate the seasonal variation of parasitism on Cassida nebulosa L. and C. piperata Hope, this research was conducted at the experimental field of Tohoku University in Sendai, Japan, where these tortoise beetles were parasitized by hymenopterous parasitoid Holcotetrastichus rhosaces (Walker). Percentage parasitism started to increase from the middle of July and reached nearly 100% in August. Adults of H. rhosaces emerged from the pre-pupae of the tortoise beetles, with 6 to 30 adults emerging per pre-pupae. The second generation of C. nebulosa and C. piperata was heavily parasitized by H. rhosaces. The adults of these tortoise beetles were rarely found in the field during late summer due to the high rates of parasitism.
rata Hope from eastern Siberia to East Asia and Southeast Asia [1] [2] . The beetles feed on chenopodiaceous and amaranthaceous plants. Cassida nebulosa is known as a pest of sugar beet. In Japan, the parasitoid wasp Brachymeria punctulata (Förster) has been recorded from C. nebulosa [3] , where as Brachymeria inermis (Fonscolombe) and Holcotetrastichus rhosaces (Walker) have been recorded from both C. nebulosa and C. piperata [4] [5] [6] [7] . However, details of the parasitism of these tortoise beetles in Japan have hitherto been unknown. In Europe, Domenichini described the literature on the biology of H. rhosaces; however, no further information was available [8] . Therefore, I investigated the parasitism of C. nebulosa and C. piperata in the experimental field of the Graduate school of Agricultural Sciences at Tohoku University in Sendai, Japan. In addition to determining when and how much parasitism occurred, I monitored how many adult wasps emerged from one beetle after the larvae were attacked by the parasitoid wasps.
Materials and Methods
The annual weeds Chenopodium album L. and Chenopodium album var. (Figure 1) . Percentage parasitism was calculated as the percentage of parasitized pre-pupae to the total number of non-parasitized pre-pupae, pupae, and recently emerged adults. Adults with light-colored bodies were considered to be recently emerged. To avoid repeat counting, the parasitized pre-pupae were removed. In 2003, the larvae of these beetles were collected and individually reared in plastic petri dishes to obtain the number of emerged wasps.
Results and Discussion
All of the wasps that parasitized C. nebulosa and C. piperata collected from the experimental field were identified as H. rhosaces (Walker). Holcotetrastichus rhosaces, which is widely distributed in Europe, has been recorded to parasitize seven species of the genus Cassida, including C. nebulosa [9] , and in Japan, the wasp has been recorded from C. nebulosa, C. piperata, and C. japana [6] [7] [10] .
Parasitized tortoise beetles turn brown and die at the prepupal stage. Six to 30 adult wasps emerged from the parasitized pre-pupae of C. nebulosa, whereas 4 to 25 adult wasps emerged from the parasitized pre-pupae of C. piperata. The average number of emerged adults was 12.4 ± 5.95 (mean ± SD, N = 35) and 10.6 ± 5.21 (mean ± SD, N = 80) in C. nebulosa and C. piperata, respectively. The parasitoid wasps emerged from the pupae collected at the first instar-larval stage, indicating that young tortoise beetle larvae are susceptible to attack by H. rhosaces. It is not clear whether mature larvae are attacked by H. rhosaces.
In the study region, both species of tortoise beetle appear from the end of May to the end of August, and during this season their larval populations show two peaks. This indicates that two generations of beetles are pro- duced annually. The number of C. nebulosa larvae was larger in the first generation (Figure 2) , where as the number of C. piperata larvae was larger in the second generation (Figure 3) . Despite these differences, the percentage parasitism of both species by H. rhosaces was higher later in the season. Nearly 100% of individuals of both beetle species were parasitized by H. rhosaces in the second generation (Figure 2, Figure 3) . Due to the high levels of parasitism, only a few adult beetles from the second generation were found. These results indicate that in this field study, populations of both C. nebulosa and C. piperata were highly restricted by the parasitoid H. rhosaces. To facilitate the research, the weeds in the study field were removed; therefore, the results might differ from natural parasitism. Since the larvae of Pieris napi were heavily parasitized on the host plants when the surrounding vegetation was artificially removed, while parasitism rate was low when the host plants were concealed by surrounding vegetation (natural condition) [11] , the percentage parasitism determined in this study may be higher than that occurring under natural conditions.
